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DATA FOR NASA'S AVSSE II EXPERIMENT: 

25-MB SOUNDING DATA AND SYNOPTIC CHARTS 

by 

Nancy F. Fucik^ 

Texas A6M University 
College Station, Texas 

and 

Robert E. Turner^ 

NASA Marshall Space Flight Center 
Huntsville, Alabama 

!• Introduction 

To date NASA has conducted four Atmospheric Variability Experiments 
(AVE) and two Atmospheric Variability and Severe Storm Experiments (AVSSE). 
Ihe dates of these experiments, observation time^ and other information 
are summarized in Table 1. 

The data reduction program and an error analysis have been presented 
by Fuelberg (1974). Some changes were made in Fuelberg's original program; 
these are discussed in Section III of this report. Also, error estimates 
taken from Fuelberg' s report are presented in Section IV. 

The AVE experiments were conducted for the primary purpose of studying 
atmospheric variability with emphasis on spatial and temporal changes in 
the structure of the atmosphere that could be determined from soundings 
taken at 3-h intervals, and which would not be reflected in soundings 
taken at 12-h intervals. Studies have shown (Scoggins ^£1., 1973; 

Overall and Scoggins, 1975; and Wilson and Scoggins, 1975) significant 
variability and changes in atmospheric structure from the 3-h data not 
present in the 12-h data. 

^Technical Assistant, Center for Applied Geosciences 
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The primary purpose of the AVSSE experiments is to provide a data 
base for studying atmospheric stucture and variability associated with 
severe storms. These data will supplement measurements made by aircraft 
(a program conducted by the NASA Goddard Space Flight Center, Greenbelt, 

MD) in and near convective storms. The aircraft data will provide infor- 
mation on near-storm environments, while the AVSSE data will provide infor- 
tcation on spatial and temporal scales between the aircraft data and normal 
12-h rawinsonde sounding data. 

II, The AVSSE II Experiment 

Twenty- three rawinsonde stations participated in the AVSSE II experiment. 
These stations are shown in Fig. 1 and listed in Table 2. Soundings were 
taken at seven time periods - May 6 at 1200, 1500, 1800, and 2100 GMT, and 
on May 7 at 0000, 0300, and 1200 GMT. 

III. Discussion of Basic Data 

A. Collection , Original information from which sounding data were 
computed was sent to the Aerospace Environment Division, NASA Marshall 
Space Flight Center (MSFC), Alabama, Texas A6M University personnel 
extracted ordinate and angle data at each pressure contact and keypunched 
these and baseline data into cards. All sounding computations were made 
on an IBM 360/65 computer at Texas A6M University. 

B. Methods of Processing . The procedure used to compute soundings 
is the same as that used on the AVE III, AVE IV, and AVSSE I data and is 
described by Fuelberg (1974) and Fuelberg and Turner (1975). All keypunchea 
data were checked for errors by calculating centered differences on the input 
data. Processed sounding? were further checked by calculating centered 
differences of wind direction and speed and by calculating the lapse rates 

of temperature and dew point. All questionable data were checked with 
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Table 2 

Rawlnaonde Stations Participating In the AVSSE II Experiment 


Station Number Location 


232 

(BVE) 

Boothville, Louisiana 

235 

(JAN) 

Jackson, Mississippi 

240 

(LCH) 

Lake Charles, Louisiana 

248 

(SHV) 

Shreveport, Louisiana 

250 

(BRO) 

Brownsville, Texas 

255 

(VCT) 

Victoria, Texas 

260 

(SEP) 

Stephenville, Texas 

261 

(DRT) 

Del Rio, Texas 

265 

(MAF) 

Midland, Texas 

270 

(ELP) 

El Paso, Texas 

327 

(BNA) 

Nashville, Tennessee 

340 

(LIT) 

Little Rock, Arkansas 

349 

(UMN) 

Monett, Missouri 

353 

(OKC) 

Oklahoma City, Oklahoma 

354 

(TIK) 

Tinker Air Force Base, Oklahoma 

363 

(AMA) 

Amarillo, Texas 

365 

(ABQ) 

Albuquerque, New Mexico 

433 

(SLO) 

Salem, Illinois 

451 

(DDC) 

Dodge City, Kansas 

456 

(TOP) 

Topeka, Kansas 

476 

(GJT) 

Grand Junction, Colorado 

11001 

(MFS) 

Marshall Space Flight Center, Alaba 

22002 

(FSI) 

Fort Sill, Oklahoma 



the original strip chart information, and any data found to be erroneous 
were corrected. All known errors are listed in T'r' 


Table 3 

Known Errors Remaining in the Reduced ''^'ta 
of the AVSSE II Experiment 


Station 

Date /GMT 

Error 

240 

Lake Charles, 
Louisiana 

7/0300 

No wind date. 

353 

Oklahoma City, 
Oklahoma 

7/1200 

Ground equipment probiems- 
very short and erratic sounding. 

235 

Jackson, 

Mississippi 

6/1500 

Balloon went into thunderstorm 
and encountered icing conditions. 
Sounding very short. 

433 

Salem, 

6/1300 

Irregular sounding due to ground 
equipment and instrument problems. 


Illinois 


The final data sets of the AVSSE II experiment consist of data computed 
at each pressure contact and at 25>mb intervals. Thermodynamic quantities 
were computed at each pressure contact; while wind data were computed from 
30-sec Intervals by means of centered finite differences and subsequently 
smoothed and Interpolated to each pressure contact. These detailed profiles 
were then Interpolated -o give the 25-mb data presented in this report. 

Three important changes were made in the original computer program 
'[Fuelberg, 1974). These changes were reflected in all soundings beginning 
with AVE III and remain in the program for AVSSE II. These changes are: 

1) Humidity values, including dew point temperature, are computed only 
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at temperatures above -40°C; at temneratures below -40°C, humidity values 
are indicated by fields of nines as are missing values of humidity. The 
AVSSE II data coHi,ain computed moisture values down to a relative humidity 
of 17o; if the value of relative humidity .s below 1%, it is set equal to 
17o from which the other moisture variables are computed. 2) The second 
change involves the indication of winds which are based on low elevation 
angles. An asterisk following wind speed in the AVSSE II data means that 
the elevation angle was between 10° and 6°. A double asterisk indicates 
that the elevation angle was less than 6°. Since winds computed at low 
elevation angles have large RMS errors, these data should be used with 
caution. 3) In the original computer program, 25-mb values of wind di- 
rection, scalar speed, and the u- anu v-wind compor ere interpolated 

independently of each other. The program now intf .tes the 25-mb 
values of u- and v-wind components and then determines wind direction 
and wind speed from the components. These changes appear in both the 
contact and 25-mb data. 

IV. Discussion of Sounding Data 

A. Accuracy Est'^tr.ates . Estimates of the RMS errors in the thermo- 
dynamic quantities of the AVSSE II data are the same as those for all AVE 
experiments and those given by Fuelberg (1974). These estimates are: 
Parameter Approximate RMS Error 

Temperature 1 °C 

Pressure 1.3 mb from surface to 400 mb; 

1.1 mb between 400 and 100 mb; 

0.7 mb between 100 and 10 mb. 

Humidity 10 percent 

10 gpra at 500 mb; 20 gpm at 300 mb; 

50 gpm at 50 mb. 


Pressure Altitude 



The RMS errors for wind speed and direction are difficult to describe 
since they are a function of tracking geometry and other factors. Maxi 
RMS errors for winds computed at 30-sec '.ntervals (based on the worst 
geometric tracking configuration' are: at 700 mb about 2.5 mps at an 

elevation angle r 10° and about 0.5 mps at an elevation angle of 40°; at 
500 mb, 4.5 mps and 0.8 mps for the same ele>^atlon angles; and at 300 mb, 
7.8 mps and 1.0 mps, respectively. After assuming typical values of scalar 
wind speed at the various levels, maximum RMS errors in wind direction were 
determined. The maximum RMS errors at 700 mb range from about 9.5° at 
an elevation angle of 10° to about 1.3° at an elevation angle of 40° 

At 500 mb the errors are 13.4° and 1.8° for the same elevation angles, 
while at 300 mb the maximum errors are 18.0° and 2.5°, respectively. 

The accuracy of the wind data at pressure contacts and at 25-mb intervals 
is greater than that stated for the 30-sec winds because of the added 
smoothing and interpolation pe'-formed. In addition, errors cited for 
the 30-sec winds were maxima for the stated conditions. 

B. Tabulated Data . An example of AVSSE II contact data is given in 
Table 4. An explanation of the colvmn headings is given in Table 5, 
and a list of missing soundings is given in Table 6. In Table 4, the 
first line of data for the time of 0.0 minutes is surface data. A series 
of nines is used to Indicate missing data. The three numbers in the upper 
right-hand side of each page are the number of pressure contacts computed, 
the minimum pressure obtained (mb), and an angle identlller with the value 
0 for 30-sec angle input and 1 for 1-min angle input. The contact data 
are available in paper form or on magnetic tape from the George C. Marshall 
Space Flight Center, Aerospace Environment Division, Space Sciences 
Laboratory, Marshall Space Flight Center, Alabama 35812. 
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• BV SPEED means elevation ANGLE BETWEEN 6 AnC 10 DEO 

• By temp means temockature CP time have been inteppolated 
•• BT speed means elevation ancle less than 6 DEG 
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Table 5 


Explanation of 


TIME (MIN) 
CNTCT 

HEIGHT (GIM) 

PRES (MB) 
TEMP (DG C) 


DEW PT (DG C) 
DIR (DG) 

SPEED (M/SEC) 


U C0MP,(M/SEC) 

V COMP (M/SEC) 

POT T (DG K) 

E POT T (DG K) 

MX RTO (GM/KG) 
RH (PCT) 

RANGE (KM) 

AZ (DG) 


Column Headings of Tabulated Sounding Data for 
the AVSSE II Experiment 


Time after balloon release. 

Contact number. 

Height of corresponding pressure surface In 
geopotential meters. 

Pressure in millibars. 

Ambient temperature in degrees Celsius. 

Note: An asterisk indicates that time from 

release and/or temperature were linearly 
interpolated. 

Dew point temperature in degrees Celsius. 

Wind direction measured clockwise from true north 
and is the direction from which the wind is 
blowing. 

Scalar wind speed in meters per second. 

Note: An asterisk indicates that wind quantities 

are based on an elevation angle that is bet\;een 
10“ and 6“. A double asterisk indicates that 
the elevation angle is less than 6“. 

The E-W wind component, positive toward the east 
a’'.- negative toward the west. 

The N-S wind component, positive toward the north 
and negative toward the south. 

Potential temperature in degrees Kelvin. 

Equivalent potential temperature in degrees 
Kelvin. 

Mixing ratio in grams per kilogram. 

Relative humidity iit percent. 

Distance balloon Is from release point along a 
radius vector. 

Direction toward balloon measured clockwise 
from true north. 
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Table 6 


Station 

Date/GMI 

Reason for Omission 

232 

Boothvlllc, 

Louisiana 

6/1500 

Sounding not taken. 

340 

Little Rock, 
Arkansas 

7/0300 

Thermistor Ice coated- data 
Inaccurate. 

354 

Tinder AFB, 
Oklahoma 

6/1200 

6/1500 

6/1800 

7/1200 

Soundings not taken. 

22002 
Fort Sill, 
Oklahoma 

7/1200 

Sounding not taken. 


The contact data Interpolated for 25-mb intervals are presented 
following Section V. The column headings are Identical to those used for 
the contact data and are described In Table 5. The soundings are arranged 
by time and appear In ascending order by station number for each time. 

The first line of data Indicates the surface report i^lch Is followed by 
data from 1000 to 25 mb. In cases where the surface pressure Is less 
than the gives 25>nd> pressure value, missing data (nines) are Indicated 
for each quantity. This Is also done when the sounding termliutes before 
the 25-mb level Is reached. 

V. Synoptic Charts 

Synoptic charts for the beginning and ending of the observational 
period at the surface- and 700-iid> levels are presented In Figs. 2-S. 

Ihese maps are Intended to depict the overall synoptic features during 
the observational period and should be reanalyzed when accuracy Is a 
key factor. 


1 
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Fig. 4. Synoptic chart for the surface at 1500 GMT, 7 May 1975. 
(1200 GMT chart not available.) 
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• ev TEPP means TEMPePATuPC OP TIME HAVE BEEN INTERPOLATED 
•• av SPEEC means ElEVATIOA angle less than 6 DEG 
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• ev SPEED MEANS ELEVATION ANCLE BETWEEN 6 ANO 10 DEO 

• BY Temp McanS temperature op time have BEEN IKTEBPOLATLC 
•• ev SPEED MEANS ELEVATION AnGlE Lfc SS Than 6 DEC 
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MIDLAND. TcX 
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» 9 » 0> ^ 9 

C<»»Ok9MO^(n**tn«OtnOK«)^«*NtftNaoNKN<^**irO«<>OUtO>(^tf 0> 

«(f<^0‘<^0)UC> (M« ««0f*)C)44>.«U<0O«KOa)4}tn<0'UOOtf' 00<I>90»M 




Vgi99O‘.«9Nlll4M>NNC<O|p«<OS«Ctfl«'*'r>Oif\iOI*4Q>999<^(^^90^<^OO> 


N9<^(X0‘n(V«^NN< 
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<VN<V*4-**4'«OOOOOCO 999999999999 

999999999999 


V9999^^900^9999ct)r4^9^m^9r^^9^r^t^999999999999 

• *••••• ••«. .••••• •• •••••«•. * ••*««•• •..«•• 

9 999 9 0990 9 >9 

w4t9999*»^^ ^ ^^^***^w*^i^p*m*>*^»»r*Ci(^t\tt\tot(^999999999999 

m9999^t^*of^ir\nnn^nnnnrt^nr\nt^if>’^n^n999999999999 




• ®NK®9Nin*o«o 


C 999900C on JO 

ri r>f-»firtininr»nininriinnnrtnni 


xc»ac # Bnnwo^ o 9 •• 




0999 9^^’*<OO^tOn<Cof^^ Om^lOAiiOt^NN® jNO^nac'^XNNAc^a 
f»0><^0>C>«0M'CN(C*-«Jnj«rKOtf)N<9 «®0 w. «Ni— ffK <0 9 O t<4 9 


NC (^OO'nc^NC'^N'OCI 


<- •< n o o N . 


«>«K«o ^(^ln«64^c«w)^r)9<^ 


H99990^00}XC>t0 09990^^99Cinit OCmO«« 4V^-*®Ntf)N««XO<0(^9 

9 9 9 9 ^^00 44 9 


O 9 9 9 9 9 A t <0 9 • 


xolP®<^ 9ino«>««n« «Fi 


0 9 9 9 9 4 ^<IVOOOO®0®^N<^C «>®0« KN 

Bi^ptO^utCO^O' t)4i«tM''ir>^>'^i'i rgMr)Drtf>^i>tn# rir^nr>piri«r)« 


^9oO^*«tn^9^K'^NNOAKrtNioB 


O9(7>9i0^»e(^99 9 9 


ifie'9994inCVV9li9cstOh-m*nf^'VCif-i4^-Z.^rir^m»y99999999999 
I 9 9 9 9 t I I I I I I 

I I I I I 1 I I I I I I I I 


-«o>r>o» «-«N«Bi><*«43)otf>09nKoino^>««<MoNr>®r>o«^O» 
*«99999'04»*999Vi f«.cN'nin®CNOO^nL')(7«O#C(Mv>'(0(>rgN«O 

I I I I I i I I t I I I I I I I I I I I I 

0>OOOiJCOOOOOOOOOOUOOOOOOCuC‘^OOQoCOOOOi.OoeOP 

• •••...•.•*••.••• *•.«•.•«.*• a. ••.*••••.•• 

cotf*o0OU]uw>C'0O0ci^o«r*oinr tncioo^c 0o®i><nomou«o0o0oin 

••OK0WCN \r f‘i O h l/)NoN«r:A(u^•^^»l>ICN mrgt'NlT'MC'^^ IpfW^K tf)O«UN0r4 

ifo9>»O>O>0®00h‘KNN® t/X><<;iOb’'0iO«4# #«ror)fn,0(MNrgol«.,.«*i«». 

co»(r(>0N<rinf^^««N«NNOO0o^»«0Nv’rMDnsc>«(^<r>.4n.«N(^ 

• ••••.«•.•. .•••••«••««•••••. *••*••• ••••*• 

xfn'7«rKB^ 

4t 9 KM 4^-90* tttt^^^Oor^OiifOt'w^UiOf’^on 04 
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99999^**"^ 0O^f^9> 


h>4C 9 99rsm»0 






r 9 9 9 9 ^ r4 


l^O«^-€(^a< NK*40-0^Klf<O00r>0KIV«#«y^ 




1 


I 


ELEVATXCN ANGLE ttET^ECN 6 AnC 10 DcC 
EMPEPATuPE CP TXKE HAVE BEEN InTEPPOLATEO 
; ELEVATION angle less THAN 6 DEG 



tine CNTCT height pres TtMP otw PT OIR SPEtD U COMP V CCHP POT T E POT T MX RTO RH RANOc A/ 



P O (> P P 

nPPPPP*«H'in«OC<''KNOp(M«N^<Cf«N( 0 >«l^'M«ptnaiAlOP««H»«(MK«*« 
• •••••< #•••»«•••••••••• •• ••*• •»•••#•••••• 

r.PPPPPooCO^-«»*N 4 . « 0 «Po«VJ</ODc-'^iPPN«»P»np' 0 "^*>*«<‘><W OKlA 
PPPPP .-.«»*^*-«\jri'«M<N*nnin##<flPNa'PcCoO 

PPPPP ^ ^ 


O'%pppp 4 ^« 40 ic«*«o«npu<ii*n«««o<yv)C«NrPPPpppoPpPPP 


V npppppiOP*>i*)«4in<or»»«cjNoj(siNM(onp. fOKNiUOPPPPPpppPpp 

-S 85 gg;--~~N-. 4 J.«--- --????§? §S??S? 


V» 

M HpPifpPoopaHoM«' 4 <ooinin« 4 ni*)n(MNN««> 4 c^opppppppp<^P 

« > 2 pPPPPC^N*««!mN<^NNoOOOOoOOOOOCCOPP(>PO ppppapp 

O PPPPP pppppppppppp 


cPppppKo«pptnin-«(V(voi^*oinmPPpto«Kir«pp 9 PPPPPPPpp 


«/>poPpin««r\i^«irP(Ci>o-«<>j t pNWrt(M»n 4 intnPppppppppppp 
O ->P> 0 ‘PPO i'»Ot’)»>- 30 oO*- — ••--•••<»«N*WfMOJMfMpPO>pppp>Pt>P 

O nPppppn««nr'inr'ninnr>nnrtrnr>r^*nn»nnF)Rmppppppo»pu o»pp 


^ UPPpPPTOC«l^ 4 >-^«onoj<C^apNpPN.‘OO^PNm«««Nn^O(>|« 


O r.'P«^pppc»ox«^ 

O OPU>(?PPOa PtyPPCJ ^C? 00 «_ •"Car.*rac>injf\Jiy^r»,#inKP*<*lp«^ 

n rufgr>icvj'>ji>j.Mi^n»^r>n*nfOr>f^fnp>rtr>»^»nn»nnrjr'n»^*nr)-#<ino 


U OPPPPPo*^CM<JP*^P^»’*tf«*y-^P<»«OPONh-c'^PP*< 0 »' 0 ^^® 0 ^ 

tn ntfP(|tpPiMOOOC<M«PP&»«i*)«<u^X)«« t 4JH»<bNa.NuKricr>tnr>‘<«ooi 

V PPU‘PP I 


u nppp>pflon-«(MpP<NNptno :>i/»NN(Mo.oopr»' 0 -«Nf^ninHfti^ 


<A «oppppM>iO(P^'>i®n<nu', »n—-^<t£r^tnuj'i,‘a:^tfiprw,*in*M — 

X 


^ <MPPPPP 0 f 0 *«f)C 4 NCOPCr 4 OP«'^ « 0 « 


(/) jnPPPPPU'^OiT'^^ff 4 ^lO'On»-»r 4 -«»N(CNC 7 '-^rgC-^ 4 tNJX-*«C'*^®— —POO 
\ PPPPP — — MfviN<Mf\ininiAJn,rMnnnK'r, notn400«#0 

z 


c Pt PPPPnCPKftJ* — P^OP i'Nr^NoON ^KoO— C® — «V<XOO 

l) ••••••»*•••••■••••«•»•••••«••••••*■«■*•«• 

O OPOPPPPN(MHcfyO'OKrjflDCjp®tf»MO— ►• ^iPUJXO^ON — Of^OOOCp® 
FiPPppowi'O'wv iJu»«n#uio^it, o« — 


rPPPppincNK<n®®(M »o — ®PO*nKCPcPppppppppp 


u 

ftiPPPPPt-o — ^ory— PO«)Po — ''J^'TX'^—flrts^NPPPpPPpPPPPP 
—ppppp««^— #•— *« — I •^{Mcynrinnr'^nn-* «« 4 i^)pppppppppppp 
U I 11(1111 I I I I I I I t i I I I I I I 


u 0 PPPPP*yo<®*H 0 «Ml 0 ^«« 0 O'X^fX 0 '' NPi 441 \J'^OP® 0 «*O 0 ® — 


O PPOPPP(ONP>o^— O^yor^ntnNO—fnoai - OP 

O — PPPPP— — I II I I I I |.. — — — rargr\jr^r) 44 «IOV‘inw)inO«in« 

t I I I I I I I I I I I I t ( I ( I I I I 


OOOOOOOCOf'OOOOOOOOCCOCOo f OOOC OOrcOOv-Or«OOC 

#••••••••••••••••••••••••«»••*••#•«•••••• 

ffl ®^^oc»ooinooo»ot->ooM»riM'Oin «’'o*^oooOr Ooooo 

Z N<*»KvOOJOKinfMf>f>*lP»MC*f**OfV|oNL'i'>JO^ON-^t/>(Mr*K 

®^»pppp»x«®^.^^^.^^K*»oo^n^^»¥>^«♦«or. no' inw — — « — 


u. 

o 


oPpppp«o — ®oo — Nf->— ^NpwrgpnppcwMoano'Ooconppjno 


nppppp ocjpcv<\.«oP«)NNa.t„u — n^MifViai^ifMNtvnfnnN'Oinp 

Po PU PPfMN— KOOK ^ O «'~^ >C <i< <J f^oO — — ’li ot OP — ® 

— c^^«^P^M♦^or^o>rs^oP»''Oo«®»n®^Jar'p^flricXff'v< — N — 

— — — — — o#<vinin® 9 '^tn 

— — — —— —— — 


ppppp<>®(M#P(vatno®n(*®®®o««w— — '•NortiynH^ ooh 

t«PPPPpJi;-Or®-^^P- 4 Ht’niCPO©f* OHCOO — cpc 

— PPPPP — — fVi«v»fSi<Mr'rir>n«o — »Nnp ««» 

» • • 

rPPPPP — HPP/i<M — N®oP®p(Vln^p^«or® — ppPi nOKri— priso 


— CPOPPPOO — — MO#0®®®PC'^0«O^V 0 — 04 vT — 0^®4SI®0®n® 
1 PPP.*r —-—— — - — c^N»v»v«'<*Mn Pi nnp4(0®®H 



ET S^teC MEANS ELEVATION ANGLE BET»EFN 6 ANC 10 OEG 
ev TE»*T means TEMPERAToPE or TINE HAVE BEtN IM«^RPOLATEO 
8T $P£EC means elevation ANGLE LESS THAN 6 DEC 
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* I I I I I I I I I I I • t I I > I I < 

9 OOOOOCOO 0 OOOOC/COOOOUOOO JO 0*^00o000oo0 OCOO 
**»o^o«>c »n*-c jgiomcrf>r»ino®oiOoirtciroi*'. oirtucoincrfioiTwiroc 
9 O 9999 CCCCf^^>Nr» 0 « 4 i 4 .C^I 0 tn 9 94 9 K>r*>nfn*MCW<\i*W««MMM 


09999 *^K'C»*>^ 090 N 94 nCC*M®« 0 C^•►•e^^AI 049 C♦C 9 K»Mn ^»9 

• ••••«»•••••••••••••••••••••«*• •••••• 

m 999 9 »«. iTO^KOU # 94 C*^®c C^^'iC^OiTMC** r. 

99999 M^^'•#wln^< 9 C^«. 9 ^i^f»;*>*''^iN^no►‘CCP^H|• **'C*X^C «049 

^ 9 4 , 9 M 4 *#**^ 4 «»riVlf 9 *'*C' 4 «»^KNK#« 9 «»M 9 «A 9 »*>ft(N 

^••^••lM<^JMlMfn«»r>« 44 ■ltf^/«^«^^^C 0990 MMfgM 9 i>C 0 


• 09 Mfn 4 K 9 **>C( 


«i\tCC 4 WNM«Ko^- *v^JWC^'^^ocr'r»M^r »9 


(^ 9999 «tf>Cr ft. 4 C 9 M 4 C 9 M 4 N c^'^ 9 l\*'fc 9 P>»kMir>Ciro4'^’*»0999 
M9999MMMA<(«AtA|N;nr. l>)n««4ttrM ^«l«uC9^‘KCC99oOMA**>^49 


99994 £,^^<y.KCJ^ 4 )M 9 ^»rt#*CC»M 4 C^^<n 99 •OK»CoC^••0^^9 
• •••#•«•«•••••• ••••••••••• •••••••••••• 

09999 C^«-NN^ 49 «CKC 9 t^MNPinCN 9 

9999 MMMMMMMMNN^<«<*y•''nnr 9 •^^>K>^'^9 


angle less than 



•Ct 091 iMO fit/t 

Sibt A¥M 


T 


• ••••••«*••••• •*•••••••• ••• ••••»•••••• ••• 

9 9 

kl r999«««99^M«*O««M««Kfn^>Or»O09«««KO9OMinOM*«,«4«)«c#f^ 

OV •••••••••••••••«••••••• *••••••••••••••••• 

Zv o99i>•••l«l•»l♦lll^^^.*OC••« «<0K9oN4 .-:>fMvnK9M«K,«n«**M««« 

41 99 

U 9 9 

099tt«lf>C1bKn0M«»ft «Ml09in99P>f^ 0^09^)999999999999 
•••«••••••••••••*•••••«%••••••••••••••••• 

SO lkn99O0••OOCf^l^>9^^ClOO'*t^^b9OM0Ml^••OCMn990 999999999 

a 0999NO«0«99M«««««fM(Mr^f>)««..M.*^ ^-*.«-«««9\>99. 9 9999999 

99 999999999999 


O O 

999-»9K9«»'K*4i.^ 

SV •••«••••••• 

Z 099«MM*--*00 0 
KO 
X 


90K «n«nM mM-«m««9999 99999999 


0O0m**««-«««M«i«««00 2O000CO0999999999999 

999999999999 


K 

#990MMO«*)09M*m^^C 94 C« M9K IXK n4)90^999999 999999 

O 099KKKtntf^nMM9<A«inin<00K90<0oO««^ir9K99999999v»99 
ao #99»n«*>r» r;r-nn«4 >9999 9 9 9999 

O «99nn»^. >'nr'nnmrtnnnnn»»>»onp)Finonmnn9999999>9999 
W 


l-V 9990«i9«^0«*<rnMOO«>0909f^4)M«i99«fM9r>r>0009909000 

«99MMry)<n««in09UV»*-«MMNfntf>«r>990'*))ri<04>4l90*^99<V09KK9 

OO 099p000ucc ^ 0 *^**-*«*«- — 

a n «op»)o^r)oio^nr>inn^'Onnnnr»r)nr-inn.nini*>innfo^**)«^*oo 




mnn.nnionnfo^i 


U.U o99o«*^^'<nn« 

kw ••••••*••• 

uo f‘99w«nn#iMPi9 

US ^^9 — — 


9 O « O 9 «) « 


90 0»i**9in9K' 




OMPIVIOO P>P»VOOO 


O •• 9 PI O r> M 
•• •• III 


a u P>99«OI^^»0«*9'^K>> 9MO •00909-*'^< 

Xu •••••••••••••«•••••••••• 

09 •o99«*MONP>>r^OP>«)«««/CO«-«r.O(^0 

UNI99 


(OQD OOOOOOOOOOO-***** 


'^9o9C««iu94 


O U K99«^f*lr^OO**o<«£ — 90^0— <On*<K9Cri«Oo«— nNPI0 0 09«Oo««0 

Will.' •••••(« ••••••••«•• •• •••••••••••••••^••••« 

kJO K99fgO«94^004tf«C«K«0099«TC0»«-*> o0OOOP>o'MO0990«« 

9 X 


V»900««90«^^9«*C*^<^MN«eMr «99C nK)TtnMMM<-«*o0P^90«9 

ao ••••«••••*•••••• 

•* O C9990.«l^««CP^ «9OO«9P>COa,C«*0 9cyO>*)^«OK«oO«»««VP)P>9 

O K99O<w•C••Cu»«C,C999C-*0i•^CO•-•<^^••«-•-•>-C99vlO(>«^««lOoO9 

V 099-*99«990« — r9MM99«0^«r*^90P-p.M999999999999 

Qo •••••■•••*•••••••• •••«*•••••••••••••«•••• 

O99^‘00«•*i•«00<l««^•%090r•»nc9o<^<•^c■7«999999999999 
VO f>«99*«»»«*-«««M«« |-*-«««««^««^f^np)Pt««««iro999999999999 

O O I I I I I I • I I I I I I I I I I 


ft U M99No-**^KK0M»^<»«0"*OP><09'^—0-*9P)4^-.N0O<#MOMN00p..^ 

K99**i«*9>-r*^M,«««9P>-#<M:)P)4>Od«<nooi''>i^>«o^>ojtf>9oM>>in9p.o 

>■0 m99Mc^**»««>m-«v««* I I <M'v»'M'0p«#O4>inwoin)iiO«ne’ 

I I I I I I I I I I I I I I I I I I I I I 

**00900^0000000000'~>C*OCC00^00w>0dU0CC90P)0OU0 

luo N09C Mic i/>ooc o'jtncoeootf'wooiToi^'-iirotftc 

S X Kr\P*ONC r^rf'«^rK(Pfyo>-rf»M4jP‘OMoP“in*^ KO*vop.OMOKON 

ft 9r»9999C000KP>NP>«0<60intf)0<f'« nnPIPINMMtv^******** 

P> C09«99*>9.««««0«n>'P>(n««*9n^nM^O P)0>OiTO»«0«MP)»«in9ruO 

XX 

ca t.99f, rj9rj9pt«tij«l\|« 

— O ct9^‘C^XM«,«^c<^noln►•onP‘-'r^*,^^.►'♦»n^Of 9 — v<4#^n».c9#«i 

|u «P9»»««^9M«p>cr*4;9M09'^>u^9PiXP)<li«9<«.<4< 

X •«*«»i.««MAj4\jp)n«^P'««#r'9oo«*^p-«}«'99^MCwr«r400r'0 


9 v9 #99^0' 




l^99CC<^4'V9«*^>OP-(^NOOO^>OC7C«ino«-ll<«i><«;<^ tf)9« 
99 0X9 


. P* P» — C c c -• 




C99C**MP^990P.99c*’««inP-«9**»"#C99 — »^ro^. »^O9M0C 
99 ••••-•Ol»>#»M«»|NjNr>r*P. P'X999rf»90 


• 0t S^CCC i*eANS eLCVATtON AP<<#(.t aL*T»6FW ft ANC 10 CEO 

• ftY TEAF i»eAMS tEMPCAATuAE CP T * v«g HAVf 0FEI4 I PiTcMPOL ATED 

• • BY Sf*eeO VEAMS ELEVATION ANOtE LESS THAN ft DEC 
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Qt< 7 »^( 7 ( 7 »NNN>^<>'>^OC«t)C* 0 C»««>'Coc««»««NN'O<O««t<>ir^ir 

r 0 >(»< 7 »i 7 ^»»««*n«oc»«tf)\>N«>notr( 7 (Mtnir 4 (MN^N««««> 04 >«r>KinNN 

c 0 <^( 70 (>< 70 -'>c 0 r 0 *«>«*«<M'Mn 44 «(n<Air>(OtOI^OKSnnNp««n<^ 0 .«(MMa 
0990 ( 7(^9 


eO> 999999 PI>«K<Ono>tf)*«iA-««< 0 «««r 4 «n 999999 » 90 > 99»9999 

•••••••••••••,••,•,••••«••••••••••••••••• 

aru <099999tf9OinNOn«C.«CMON7>QC('«-«« 9999999999999990* 

a ( 09999999 « 9 tn««C 9 oi. «miMP>.«nr)«n 9999999999999999 

9999999 ^ 9999999999999999 


r> 9999999 «r^KN «< 


IN ^9999999999999999 


l^9999999vMNoJO|n*f^cyNN-#ucOO ■>Co9999999999999999 
9999999 9999999999999999 


<V9999999«>tn« i09N«09««*«tAir>ir ■#Kf^9999999999999999 

• ••••••••••••••••••••••«•••••••••••»••••• 

•^ 999 > 999 <M 0 IMN^P 1 — ^fM 9 «« 90 r>^N 9999999999999999 
• 9999999 w ?OoO^^''J >9999%':>>0 9999>99999999999 
^ 9999999 'n( 0 «or)''^r>nr<^nfsi'>Joi«Mnn' 0 fn 9999999999999999 


o 9 9 9 9 9 ' 


or^«) 0 -«Kfra 3 -«K^tfi«rwn|(^ino<\inoo^'M«)NiM 999 <n' 4 > 


*' 0 ' 999 »> 99 -* «« 4 Jl>n^^»CO'.Jf^O 99 ^‘Mn<t)^wO 9 ' 0 irfM 9 in«*^ 9 >l« 
s 7999999999 if' 999 !J‘ 9>99 9 9990 COt:-*Nrif«^^ 4 .. 0 ® 9 N<np«»»» 


a> 9999 W 99 r> 7 -WWrt««^K% — O' 


« 0 »MC ««'^ 09 MinP)fV 9 < 9 « 


<M 9999999 »'IN»^C*'*^'‘<*'» 0 «\J*»c/<>**-— « 
19999999111 II 


0-^00 99 *W0.nON9 4> — •• 
II ^ m II 


ri9999999«> J,'9^'-N-*r^»*«*M^ K®«9 ON 9CO®N-<Nino9 

Pii) 990 999^ 9r®09t ®0090if»n»*C WCn9r»rj,-iNNN*«Nn»nWM 

99999s/^9 III ^ ^ ^ ^ ^ ^ I I 


09999997N®«. 9«rrt®9 


>4 9 Nc/i<n< 9 CN^ 9 n®^inn«*o««oi 9 N 


»^ 9999 C 99 in# 9 ®« 09 n 90090 »ftin»>j^nj..r> 94 ®«*^—N®N 9 NNN 
9999999 •« tsi fst r>i t>i 

0 

ki 

O 

C 99999990*«*9o9iTNin<M^O '09#*'“-^NO r>9 09*^fiNNi<l 

C 9999999 ®<«*N~r 5 »>M*u*(rtOfc^»!»f)®fr'^fflr^ 0 fI»^N'iwi^<^N 9 #®O O 
(V9999999CC ®0 UOiT« ^iT«/0®®ki0l0N««O<0uin(>jf^''nNI09MtO*0 •* 

u 

z 

4 

N 99999 > 9 r 0 r®»^Nnn 9 'C*>*cO 9 r^/>in 9999999999999999 

• ••••••••■•••«*».••.•••••«• •« .fk,...****** O 

IV9999C990N c®o®^^'l'*^'*)<MON 0<\<< 0999C 9 99 90 90 09999 
19999999] | | |M|>«.«p<»Nfnrir'>r^««90990999999999999 Z 

I I I I I I I I I I I I lu 


099999990M09990i^999#90'><»r0ON9'n«0riW0rt9990O 

lf 9999999 ®no** 90 t-<'jnN 9 tV< 4 No <^0 0 <M«MC 9 CC**'<* 99 »nP:iO#* 
9999999 l i |P*.-p*p«**Mfv^rinf^*^n«9«nn<-#«94r##»OiOiO 

t I I I I I I I I I I I I I I I I I I I I I I I I I I 

OOOOCC COOCOOOOOo«^CriOCOOOC oooccooc ooOocooo 

® 09990 r®««NNNNOw». 0 <n®®»r 4 # 94 »^'^»^n(X( 4 tk<<v#-«« — *^ 


C*9999999NNO9r>9MC'>|t<^fntr0NM9V^NOONO9O®CcNNNl0^ 

.< 99099 (y 9 <. f<)«NMl#> 0 ' 9 ^»“®r»-ia: 9 «. OU'«-r— — OC' 

N9900009N<\.f-r»^TOir»ff®r'<rjC<» -t c f Nf*<^,*-*,a,«J®7-N«»eif>M 

•• „^ 0 i<VJr,<fynfA^ 4 ^^^^,/%<*,KK^.x 99 co-*M»'^ 4 O®O*» 

99999N9C^'®ON 99®9m9«#0>9n>OOO^ONOO« ®<ftrtl^,l|f»NN 
* 999999 - 909 -^# 4 > 9 N^nC^^>#^^«.*♦»^•- 99 r'^^^^t)»•^PlCN^^«^|W 

999999W*'i»^rjr, rjrp ll•4/*>*-^NN®®9tft c — w«>*roO v 


C 999 9 099 V' 


IT 4 ® •• ® O N C «^ • 


rcNNoi''fvcir«ivnrNN< 


C 9999099 C*«««NNnri«tf>ON®er MNOiroC 9 *«i^rNf nN««<>M 90 
0999990 — 


• OV TC9^ MEANS TEMPEKAtUPC OA TIME HAVE BEEN INTEPPOLATEO 

• A PY SPi'EO means elevation ANGLE LESS THAN 6 0C6 
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marshall space flight CtNTER 
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6 May 1975 
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